i gure 2 is the extinction on a magnitude scale (effectively a logarithmic scale) and the abscissa IS the reciprocal of the wavelength with the latter measured in micrometres (11m) .
The effect of heating biomaterial moderately in vacuo is to drive off water, leaving a b?alified residue. Such a residue has enormous absorptivity in the ultraviolet, particularly for I~l ogi cal l y-damagi ng wavelengths around 250 nm. Measurements made in the ultraviolet SIng rocket-borne equipment to get above the Earth's atmosphere show that a fraction of thẽ nterstel 1ar dust has exactly this property. Although the hypothesis that the dust particles are acteria (together with some degeneration products from bacteria) may seem preposterous, th.e plain fact is that the hypothesis works, as can be seen by the more extended comparison With observational data shown in Figure 3 . The calculation leading to the curve in this figure, ma~e by Chandra Wickramasinghe, uses nothing but the known properties of bacteria. The ordmate and abscissa of Figure 3 Figure I . The diameter distribution of those bacteria which form spores, where for bacilli 'diameter' means rod diameter, not length. The ordinate is the number of species occurring in each section of the histogram.
1.5
Nandy's data points compared with theoretical curve for bacteria Llm .: 0.5 o 2 3 1/1. (I-' ') Figure 2. The points are data for the extinction of starlight obtained by Nandy (1965) , expressed in magnitudes, the abscissa being the inverse of the wavelength i., with i. in micrometres. The curve was calculated for extinction produced by freeze-dried bacteria with the size distribution of Figure I . If I(i.)di is the intensity distribution that light from a star at a fixed standard distance would have in the absence of interstellar particles, and lo(i.)di. is the observed intensity distribution, then the ordinate L},m is defined to be 2.5 loglo [I(i.)/Io(i·)l
Turning to the infrared, to much longer wavelengths, silicious materials -materials containing silicon atoms linked to oxygen -have much stronger absorption near 10 Jim than carbonaceous materials, and some astronomers have argued that evidence of both absorption and emission of radiation in this long wavelength range implies the existence in considerable abundance of inorganic silicate minerals among the interstellar particles (Allen 1975 ). Yet fifteen years of searching in the laboratory has failed with inorganic mineral silicates to match closely the astronomical observations for even the simplest case, that of infrared-emitting Figure 3 . The ordinate and abscissa have the same meanings as in Figure 2 . The points. are averages of the data obtained by a number of observers, the averages being compiled by Sapar & Kuusik (1978) . Because the observations in the ultraviolet are somewhat variable from one series of observations to another, the separate results are given of Bliss & Savage (1972) (.) , and of Jamar et al. (1976) (A) particles in the Trapezium region of the well-known Orion nebula. Whereas the observations vary smoothly with respect to wavelength, with maximum emission at a wavelength of about 1011m, individual inorganic minerals have sharply varying bands that are not in agreement with the data. The best that can be done is to mix various minerals in an attempt to smooth the sharply varying features, but this raises the difficulty that mixtures would be expected to vary from place to place, unlike the interstellar particles which seem to be more or less the same everywhere.
As well as inorganic minerals, there are microorganisms containing silicious materials. Recently a sample of such microorganisms was examined by Mr SAl-Mufti -not a sample carefully adjusted to suit the astronomical facts, but a sample taken simply from local river water (Al-Mufti et al. 1982) . The experimental results led immediately to the curve shown in Figure 4 , which agrees far better with the data points than even the most careful fiddling with inorganic minerals had achieved in fifteen years. Forest et al. (1975a, b) , by interstellar grains in the Trapezium region of the Orion nebula. Interstellar grains have similar emission properties everywhere over this waveband centred at 1011m. The curve shows the emission properties of silicious microorganisms determined by laboratory data, the emission being taken for organisms at a temperature of 175 K Because I do not believe wrong theories give excellent correspondences with observation in such an instant way as this, I am obliged to take seriously the proposition that life is a cosmic phenomenon. The question is then what to do about it? Correct theories in the past always seem to have repercussions in all manner of directions. So the concept of life as a cosmic phenomenon, if it is correct, should have many consequences -some quite likely unexpected at first. What might these be, it is natural to ask?
If one approached the usual notion that life originated on the Earth in a so-called organic soup from definite knowledge that life really did originate here, then I suppose the theory might seem to have an air of plausibility about it. But we have no such definite knowledge, and if one has an initially serious doubt that life had a terrestrial origin then quite frankly the organic-soup theory looks remarkably implausible. One notices, for example, that its advocates have addressed themselves to the problem of the origin of amino acids and to the polymerization of amino acids into polypeptides, but that the problem of the precise ordering of the amino acids -which is of course the essence of the situation where life is concernedhas scarcely been addressed at all. When people, as in this case, concentrate on what is comparatively trivial at the expense of what is really relevant, one's suspicionsare reinforced.
The need to argue this point at length has to a large extent been removed by.the recent work of Professor Hans Pflug of the Institute of Geology and Paleontology, University of Giessen, West Germany (personal communication). Figure 5 shows an object discovered by Pflug in a sample of the Murchison meteorite, which has a measured age of 4600 million years, the age of the solar system itself. The morphological comparison with the modern microorganism Pedomicrobium is so compelling as to require no emphasis. Evidently, iron-oxidizing and manganese-oxidizing organisms existed in the earliest days of the solar system, before the Earth was formed. The same object is shown at the right of Figure 6 . At the left of Figure 6 is a similar organism which can be seen in Pflug's preparation to be a member of a colony containing a large number of further similar organisms. Thus the examples of Figure 6 are two cases taken from a large number present in the meteorite. When the focus of the transmission electron microscope used to obtain these pictures falls suitably with respect to the surfaces of the objects, the surface outline can be seen as firm and sharp, a characteristic of a coalified fossil. Thus the objects shown in Figure 6 are not contaminants. Contaminants would have an invariably soft outline due to slime layers at their surfaces. Nor is the scale of the object in Figure 5 the same as for the modern Pedomicrobium. The scale of the meteoritic object is smaller, quite probably an effect of dehydration over the long life-history of the meteorite.
Meteorites are thought to bedebris from collisions of comets with asteroids, and sometimes they are bits of asteroids and sometimes bits of comets. The Murchison meteorite was almost surely a bit of cometary debris. Before it entered the Earth's atmosphere to the north of Melbourne, Victoria, Australia on 28 September 1969, it made hundreds of millions of revolutions around the Sun, coming in each revolution closer to the Sun than the Earth, when it became heated sufficiently to partially coalify its once-living cells. Measurements in the ultraviolet show the carbonaceous material of Murchison to be somewhat more coalified than lignite but not so much as a high-rank coal.
So far I have been concerned with past history. It is again a matter of experience that successful theories never relate entirely to what is dead-and-done with. They always seem to turn out to have relevant connections to present-day situations. Could it be so in this case? Microotganisms inside whole comets, which are of course very much bigger bodies than meteorites, remain in a deeply-frozen condition in the outer regions of the solar system, except for the small fraction of comets which experience unusual gravitational perturbations, due to close approaches to one or more of the outer planets (Jupiter, Saturn, Uranus or Neptune). Such perturbations can in exceptional cases bring a comet to the inner regions of the solar system, to the vicinity of the Earth. There is then an evaporation of material from the comet due to the increased heat of the Sun, as happened for Comet Mrkos in 1957 ( Figure 7 ).
Material evaporated from comets is fast-moving with respect to the Earth. Small particles of the sizes of microorganisms could land safely on the Earth, however, because the terrestrial atmosphere provides a soft cushion. But no safe landing is possible at the hard surface of the Moon, where microorganisms would be spattered much more violently than insects are in summer on the windscreen of a fast-moving car. For the same reason, cometary microorganisms could not easily be gathered in by a manmade space vehicle. Do we have proof that microorganisms are in fact being added to the Earth from outside? The problem in seeking an answer to this question is to distinguish new microorganisms coming from outside from the large populations of microorganisms that are in residence here already. It seemed to Chandra Wickramasinghe and myself that the best chance of coping with this difficulty would be if some among the new microorganisms were able to cause diseases in terrestrial plants and animals. This is because a pathogen multiplies itself enormously in the body of its victim, in some cases by hundreds of billions. Terrestrial plants and animals could therefore be regarded as highly sensitive detectors for pathogens from space, although of course there is still the problem of distinguishing attacking microorganisms of external origin from attacks due to pathogens already in residence here.
This was a psychological crisis point in my thinking. The mediaeval notion of diseases coming from comets has in modem times been a matter for amusement in astronomical and medical circles. No sensible person would for preference want to be tarred with that unpopular brush. Yet material evaporated from comets is known to be remarkably lifelike in its composition. For the four main elements, hydrogen, carbon, nitrogen and oxygen, Professor A H Delsemme (1981) of the University of Toledo gives the following observationally determined ratios of the numbers of the various atoms: No astronomical body has anything like the cometary values, which adds force to the present argument. Not even the biosphere of the Earth is of lifelike composition. If one defines the biosphere to be the ocean plus atmosphere, there is a great deficit of carbon. If one adds the Earth's continental crustal rocks to the definition of the biosphere, the situation for carbon is improved but there are then large deficits of hydrogen and nitrogen compared to oxygen. The most favourable definition of the biosphere includes only the top kilometre of rock, together with the ocean and atmosphere, when one obtains: H : C : N : 0 = 1.76: 0.0056 : 0.0039 : I (Earth's biosphere) still with the carbon and nitrogen abundances significantly too low, however.
I was hesitating 'to take the step of supposing diseases come from comets, still fearing ridicule, still hearing in my imagination the derisive laughter of university commonrooms (overlaid by a pervasive clink of coffee cups), when at last I was swayed by a curious and seemingly inconsequential detail. I was sitting one night in front of a pleasantly blazing log fire, reading the little potted histories of infectious diseases given in the edition for 1942 of Osler's 'Principles and Practice of Medicine', when I noticed the word variola to be of mediaeval origin. Why was the ancient Latin word not used I wondered? A quick dash to a comprehensive Latin dictionary (which had belonged forty years ago to my wife) soon showed that there had been no ancient Latin word for pockmark. Not having a dictionary of ancient Greek in the house, it took a couple of days to confirm that the Greeks also had no word for pockmark. Then a friend, who is Professor of Classical History at Cambridge, told me he knew of no ancient writer who had described a person with a pockmarked countenance. Nor could we find a description of smallpox in the Hippocratic writings. All this was inexplicable except on the basis that smallpox did not exist in ancient Greece and Rome, at any rate up to the second century AD. It seemed then as if diseases, even highly infectious diseases, have been historically variable, as would be conceivable if diseases are incident from space.
Let me interrupt my argument for a moment to consider the following scenario. Suppose pathogenic viruses are indeed incident from space. Suppose a new viral disease with a high death rate were to arrive from some comet, a disease against which no effective vaccine could be found. To add to the horrors, suppose the disease were highly infectious like smallpox, but unlike smallpox suppose the virus to be shed before clinical symptoms could be recognized, so that the spread of the disease could not be prevented simply by isolating its victims. Suppose, too, that the virus maintained its incidence without re-emission, decade after decade. What would happen? Densely-populated cities would become deathtraps and would soon decay into small collections of hovels. Survivors would become spread over the land as thinly as possible. Even so, epidemics might still run, and if they did the total world population would continue to decline until the surface density of people on the Earth fell to the point where the transmission of the disease was held to a smouldering condition. Human society would be obliged to 'uncivilize' itself, and would be prevented from reaggregating into substantial towns for as long as the incidence of the virus continued. This scenario, imaginary in our own day, corresponds closely to what actually happened fifteen hundred years ago, when Roman civilization collapsed into the Dark Ages. This scenario may not have been the cause of that collapse, but I suspect it was. I also suspect that much of what we call history was medically, rather than politically, determined.
These ideas raise the question of where viral diseases came from in the first place. Neolithic populations of 10 000 years ago and earlier were too sparse to maintain diseases confined to man -measles, for example. So where had the measles virus come from, a question that leads naturally to a consideration of extremely remote isolated populations in modern times, as for instance the Trio, a small tribe of about 500 persons formerly living in dense forests near the equator in North Brazil and South Surinam. Tribes in this area had a reputation among explorers as ferocious bow-hunters, given to wiping out any strangers who managed to penetrate the dense forests which existed before the present clearance schemes came into operation. By the early 1960s, however, the clearance scheme started by the Surinam government brought the group of Trio Indians out into the l ĩht of .d.ay. E~posed to the scrutiny of the world, survivors were found from attacks of p~homyellt.ls, which must have Occurred decades before the clearance scheme came into operation (leWIS & Brannon 1974) . EVidently then, the polio virus had existed in a group of only a few hundred persons that was out of contact with the rest of the world. It seems then that viral diseases have probably always been present, irrespective of the density of susceptible persons, irrespective of the diffuseness of the human population; a hard nut for conventional theory, but not a difficulty at all if diseases are incident from space.
Here next is a quotation from 'The Common Cold,' by Sir Christopher Andrewes (1965) . It concerns a Dutch physician of the name van Loghem. 'Van Loghem in 1925-26 carried out a postal canvas of about 7,000 persons in different parts of the Netherlands over a period from September to June. He was concerned to find out about the occurrence of colds in relation to time and space. He analysed the results of his canvas and plotted them as curves. The curves showing the incidence of colds week by week were quite complicated ones. An astonishing thing was that the complicated curves from one part of Holland could be fitted over those from another part of the country and the fit was remarkably close. This showed two things: first the time of rise and fall of the colds was almost exactly the same in different places. and second. the extent of the rise was also similar. He argued. not unreasonably. that all this would not fit in with a step-wise personto-person spread ... Such findings are not isolated. very similar things have been reported by workers in the United States.' So as long ago as 1926 there was clear evidence of the common cold virus falling from the atmosphere over a fairly wide geographic area.
Just a brief word about influenza. It is usually supposed that we contract this disease through a person-to-person transmission of the causative virus. Epidemiological proof of this opinion is said to be given by high attack-rates on people living together institutionally, as in schools, hospitals, and barracks. The logic of this supposed proof is as obscure to me as it would be to say that when many spectators at a football match are wetted in a sudden rainstorm, the explanation isn't the rainstorm at all, but that the spectators took it into their heads to throw water over each other. Air-borne pathogens would be expected to swirl hither and thither, hitting particular areas with the same capriciousness as spring showers. The logically correct way to prove that a disease is really transmitted by person-to-person contact would be to show that nobody out of contact with others ever becomes a victim of the disease. And conversely, the person-to-person transmission idea is negated if we can show that people out of contact with others do indeed catch the disease. So it was in Sardinia in 1948. A detailed subtype of the influenza virus which appeared in 1948 first showed itself in Sardinia, an island where at that time communications were virtually non-existent. Reporting on his findings concerning the outbreak, Magrassi (1949) wrote: 'We were able to verify the appearance of influenza in shepherds who were living for a long time alone, in solitary open country far from any inhabited centre; this occurred contemporaneously with the appearance of influenza in the nearest inhabited centres'.
General practitioners are accustomed to their surgeries being filled to overflowing during the weeks of late winter, by patients suffering from respiratory ailments and from those mysterious gastroenteritic troubles which 'go around', as one says. It makes no difference whether the general practitioners are in the northern or southern geographical hemisphere; the relevant period is always middle to late winter, six months apart in the two hemispheres, and these epidemic diseases are I think mostly of viral origin. The thing goes on year after year without explanation in conventional terms. If the cause were simply physical, as for instance temperature or rainfall, proof should be almost trivially demonstrable in the laboratory, especially in these days of large expenditures on medical research.
The annual effect experienced in a particular hemisphere points to a major atmospheric effect, while the six-months-apart alternation in the two geographic hemispheres points to a relation of the Earth's axis of rotation to the direction of the Sun. Rather than speculate on such matters. however. it is preferable to consider the data shown in Figure 8 . which were obtained in the following circumstances. The radioactive isotope rhodium-l02 was included as an atmospheric tracer in the nuclear bomb test of 11 August 1958. The explosion occurred 43 km above ground level over a remote island in the Pacific Ocean. The nuclear debris went overwhelmingly upward to heights above 100 krn, far above the stable air of the stratosphere, which extends from an altitude of about 15 km to about 50 krn. The rhodium-102 was carried quickly around the whole world by horizontal movements and was thus available for study at ..
widely variable latitudes and longitudes. Aircraft at altitudes of about 20 km were employed to collect air samples from which the concentration of rhodium-I 02 could be determined as it gradually penetrated downward through the stratosphere. Figure 8 shows results for the northern hemisphere obtained during 1959-60, the ordinate giving the measured rhodium-102 concentration on a logarithmic scale for the collected samples in various latitude ranges.
How did the rhodium-I02 manage to get down through the stable air of the stratosphere? Probably by adhering to tiny aerosol particles with sizes similar to viruses, and by the aerosol particles being forced down through the stratosphere by electrical fields. (One way to generate electrical fields in the stratosphere is through streams of particles from the Sun impinging on the Earth's magnetic field.) For the latitude of Western Europe the descent began importantly in early November, with the rhodium-I02 concentration found in the lower air rising through January and February, just like the number of patients who frequent the surgeries of general practitioners. Viruses incident from space would behave in this way, alternating with a sixmonths' separation in the two geographic hemispheres. I have not come on any other explanation of the medical facts, repeated year after year. No other explanation so far offered appears remotely adequate.
There are some people for whom all these facts are so much water offa duck's back, for they believe themselves to be in possession of a simple one-line disproof of the concept of viruses incident from space. Before I come to this supposed one-line disproof, let me say that no 'professional virologist has ever brought it to my notice; the thing rears its head mostly it seems at a distance, in the security of discussions off-stage as it were. Viruses are specific to the cells they attack, if is said, as if to claim that human viruses are specific to human cells. While a minority of human viruses might be said to be specific to the cells of primates, most human viruses can actually be replicated in tissue cell cultures taken from a wide spectrum of animals. The proper statement is that viruses are generally specific to the cells they attack to within about 100 million years of evolutionary history. If we had knowledge that evolution was an entirely terrestrial affair, then of course it would be hard to see how viruses from outside the Earth could interact in an intimate way with terrestrially-evolved cells; but we have no such knowledge, and in the absence of knowledge all one can say is that viruses and evolution must go together -either both are internal to the Earth or both are externally derived.
This raises the far-reaching problem of whether biological evolution here on the Earth has been externally driven in the sense that the basic genetic information, our genes, are of external origin. Or does the usual internal theory, the neo-Darwinian theory, explain all the facts of evolution satisfactorily? I had a profound shock when I came to look into this question in detail, for although I came to the neo-Darwinian theory prepared to be critical, I never expected the situation to be quite as flimsy as it turned out to be. The reason for the widespread belief in the theory lies not in its own merits but in a confusion in which evidence for evolution has become misinterpreted as evidence for the Darwinian theory. One can scarcely find a paper on evolutionary biology in which this mistake is not made. The implicit assumption is that the Darwinian theory is the only theory, a presumption that begs the argument. Once it is seen that life exists outside the Earth the situation is greatly changed, and the neo-Darwinian theory must then stand on its own merits, which in my opinion are deficient both in fact and in logic.
I find that the usual concept of natural selection adding up good mutations and rejecting the bad is mathematically wrong unless the mutations are gross, which for an internallygenerated favourable mutation would surely be extremely rare. The essential genetic results are the following. For advantageous mutations, dominants are favoured. Write I +x for the ratio of the average number of offspring produced by the heterozygote to the average number of offspring produced by individuals without the mutation. Then the fraction of such mutations to become fixed in a species with random mating occurring among its members is about 2x. For x=O.OOI, an advantage of 0.1% for the heterozygote, the chance of becoming fixed is thus no more than one in 500. It therefore needs some 500 such mutations for just one of them to be retained by the species; the other 499 are wiped out by random stochastic effects.
Hence natural selection adds up very little that is good, assuming as one usually does that evolutionary steps are small. Nor does natural selection remove all that is bad. For deleterious mutations it is the recessive case that is most important. If, for simplicity of argument, one takes all bad mutations to be equally deleterious, it is possible to prove an elegant result. Subject to the recessive mutation rate being greater than a certain minimal value (which condition is easily satisfied by the measured copying error rate for mammalian genes), the spreading of deleterious mutations in a whole species induces a disadvantage factor given by the exponential of the rate of occurrence of the mutations per individual. From this result it is easy to show that any species left to its own resources must deteriorate quite markedly in a million generations, which is only a short span when viewed from an evolutionary point of view.
This situation need occasion no surprise. Complex systems left to themselves are, as a matter of general experience, far more likely to deteriorate than to improve. Natural selection is no panacea, since natural selection has a powerful opponent in stochastics. Suppose an individual of a species receives a moderately advantageous mutation. If the individual has two surviving offspring', there is already a 25% chance that neither offspring receives the mutation. In the second generation there is again a chance of the mutation becoming extinct, and so on in the third and succeeding generations. Stochastics consists in adding up these extinction probabilities over many generations. Old-style genetics, as it was discussed by neo-Darwinists earlier in the present century, failed to give proper emphasis to stochastics and so led to wrong conclusions -conclusions which contradict commonsense, conclusions which attribute to natural selection powers which appeared mystic and awesome, but which were actually illusions.
If natural selection fails for moderate mutations to add up more than a small fraction of what is good, and if natural selection fails to exclude a significant fraction of the much more frequent disadvantageous mutations, it may be wondered how species can ever become better adapted to their environment? Only by receiving genetic information from outside, outside the Earth. As well as bacteria and viruses, there has also to be an incidence from the external universe of genes in the form usually described as viroids. From time to time new genes from outside become incorporated into the. chromosomes of complex creatures like ourselves. Terrestrial evolution consists of sudden changes in which new genes are brought into I A moderately advantageous mutation, say .'(=0.001, does not increase the average number of surviving olTspring much above two (in a stable population). operation, sudden switches which palaeontologists refer to nowadays as 'punctuated equilibria'. Terrestrial evolution does not consist in building new genes from tiny steps. The genes are derived gratis from the cosmos, a far vaster and more varied environment than the Earth, which brings me to the next topic of my lecture.
The outstanding problem of life is to understand its astonishing information content. There is nothing particular about the atoms of which living matter is composed. An atom of carbon in our bodies is no different from an atom of carbon in a lump of coal, atoms of oxygen and nitrogen are the same in our bodies as in the air, and atoms of hydrogen the same as in water. What matters for life is the arrangement of the atoms, first into amino acids, sugars, DNA, and so forth. Yet even with amino acids, sugars and DNA, there is still a vast number of useless arrangements, useless linking of amino acids into polypeptides that would not catalyse chemical reactions in the manner of the enzymes, for example. One way to represent the information content of life is by the ratio of the number of nonsense arrangements to the number of possible living arrangements. If we take this ratio for a single enzyme to be lozo, the combined ratio for the whole class of some 2000 enzymes is (1020)2000, a number which would have some 40 000 digits if written out in longhand form, a number that would occupy ten to twenty pages of print with its enormous sequence of zeros.
The implications of this simple result are so enormous and so unwelcome to most biologists that every conceivable notion for avoiding it has been sought. Some have argued that the first enzymes could have been very primitive, but this possibility is already allowed for. The ratio lo2" for a single enzyme is much less than one could reasonably take for enzymes as they presently exist. Moreover, no suggestion for initially simple enzymes could reduce the ratio of nonsense arrangements to viable arrangements below 10'' (for a single enzyme), and one then has 20 000 digits instead of 40 000 digits, still a vast number with the same implications as before.
It is an obvious deception to argue that the first living systems operated on fewer than 2000 enzymes, and that the majority of the enzymes have been found by subsequent 'evolution'. So long as the enzymes are independent of each other, the ratio of nonsense arrangements to viable arrangements is unaffected by whether the enzymes were found piecemeal or together in a set. Only if it can be argued that most of the 2000 enzymes were derived from a much smaller subset of primitive basic structures could the situation be changed. This would be equivalent to arguing that many enzymes are really the same enzyme, a supposition that is surely untrue. Perhaps one could reduce the total of 2000 somewhat in this way, but not sufficiently to make any difference to the eventual outcome.
Next, one can seek to claim that when amino acids polymerize into chains, their orderings are not random. Whilst this may be true in a moderate degree, any self-instruction there may be in the orderings of polypeptides is irrelevant to the chance of finding a viable living system of enzymes, unless it be also claimed that the self-instruction happens (by divine providence?) to be just such as yields the enzymes, in which case the structures of the enzymes would be predetermined in the properties of matter. The circumstance that one can find this point of view advocated in the literature is an indication of how desperately hard-pressed conventional biology has become. Fortunately, the matter can be put to explicit test. If there were some deep principle of nature which drove organic systems toward living systems, the existence of the principle should easily be detectable in the laboratory. The ratio of the volume of the whole Ocean to a chemist's test-tube is a number with only some 22 digits, so that using a test-tube of 'organic soup' instead of the whole ocean of organic SOUP postulated in conventional biology should merely lop 22 digits of 40 000, leaving 39 978 digits, essentially the same number as before. Nor does the length of time of an experiment matter significantly, even if the process of the origin of life were very strongly accelerating, say like the hundredth power of the time, (time)"'. Thus the reduction in the information accumulated in an hour instead of lo00 million years would then be a number with some 1300 digits, which would merely reduce the original 40 000 digits to 38 700, an information content that should be overwhelmingly detectable. An experiment done in half-a-morning, starting from simple organic ingredients, should therefore generate most, if not all, of the explicit structures of the enzymes. Needless to say, no such experiment has been performed, showing that the enzymes did not arise by selfinstruction, if indeed a disproof of this rather absurd idea were needed.
Of all the facts available to us, whether in biology, chemistry, physics or astronomy, it seems to me the huge information content of living systems must surely be the most important, just because its numerical representation is so much larger than any other quantity with which we are familiar. A count of all the atoms in all the galaxies visible in the largest telescopes only yields a number with some 80 digits, which is less than the number of wrong ways of making even a single, quite short-chain polypeptide such as histone-4. Thus if one were allowed a random trial of amino acid arrangements for every atom in the universe, one would still be most unlikely to discover histone-4. Perhaps it might be argued that other polypeptides might have served the function of histone-4 equally well, but if so, mutations have never found them, since histone-4 seems to be essentially unique across the whole face of biology.
Ingrained in everyone is an instinctive feeling of a connection between ourselves and some major aspect of the universe. Early man gave expression to this feeling by inventing gods of the sea, of the air, of the woods and fields, gods you might come on at any moment. All such materialistic representations were wrong of course, for the reason that they were set too close to hand. It was a big step when neolithic man invented the sun-god, a step outside Earth into the cosmos, a step surely along the correct lines. Judaeo-Christian theology aimed cleverly to have it both ways, by having a god so distant that you could never find 'him' and yet with explicit local representations, whether as Christ or as a voice from out of a burning bush. Modern science, realizing that all material representations so far suggested are wrong, dealt with the problem in a sly way. It returned to the extreme localism of primitive man, everything concerned with ourselves was once again confined to the Earth, and it dealt with the problem of the gods by semantic trickery. The word 'evolution' became a god. You have only to say nowadays that X 'evolves' to Y and everybody believes you, no matter how outrageous the proposition might be. The ultimate god, however, of modern science is 'chance' -fluke happenings like the chance of finding histone-d.
The dilemma of man's connection with the universe is evidently to find some correct, explicitly-defined representation of the connection. Past attempts being wrong, one either gives up the problem as too difficult, as many scientists do, or one tries in a new direction. The enormous information content of life gives, it seems to me, a clue to the direction we should take. If life on the Earth is an outcome of genetic information received from outside the Earth as a consequence of a very long-continuing development in the universe at large, many attributes of terrestrial life are likely to have the appearance of being prearrangedpreprogrammed, as one says nowadays. It is interesting that quite a number of biologists, including Alfred Russel Wallace (1875) , have arrived at an affirmative opinion on this question. Let me quote from Ohno (1970) , a distinguished modern biologist:
'Did the cells of our cave-dwelling predecessors [already] contain a set of genes which enable modern man to compose music of great complexity and write books with profound meaning? One is compelled to give an affirmative answer. It looks as though early Man was already provided with an intellectual potential that was in great excess of what was needed to cope with the environment of his time.'
Whether from the point of view of this quotation with its music of vast complexity and literature of profound meaning, or from the point of view of the structures of biochemical substances present in the most humble microorganisms, life is overwhelmingly too intricate to have been discoverable by chance processes here on the Earth. We evidently have to consider the expression on the Earth of a cosmically-driven process. Let me end by illustrating this statement with an explicit example, one actually taken from the world of music, an example involving achievements too great and too long-sustained to be attributable to accident.
Before the late works of Beethoven became a fashion, they were thought difficult. A friend, a composer himself, explained to me one of the difficulties, namely that Beethoven in his later years was apt to combine two works into one, two sonatas in one, two symphonies in one. There is no difficulty in understanding the famous 9th symphony on a bar-by-bar basis; the difficulty lies in the overall structure. While Beethoven-admirers will permit no word being said against the 9th, critics have described its fourth movement as a failure. After my friend's remark; I came to see where the problem lies. The point is that the first and third movements together form a symphony of cosmic proportions and grandeur (closely similar in its structure to the final piano sonata), while in the second and fourth movements Beethoven is locally down-to-earth, addressing you and me more or less on our own terms. So one should think of two symphonies interlaced with each other. For my example, I want the first and third movements taken as a unity. I also want the best possible performance, but since this is to be a personal matter, a large audience being unhelpful, let us think in terms of the best possible stereo reproduction, with the volume set so that the long-sustained drumroll in the middle of the first movement sounds as if Homer himself had caught the thunder of Zeus on Mount Olympus.
But before we listen let us enquire into the history of the composer: a poor boy, tough, hard-working, determined to force himself to the top. Add great ability to determination, and no modern educational theories to prevent him from 'specializing'. With these formidable advantages we find Beethoven in his early thirties as the most powerful keyboard artist yet known, and we find him gradually establishing a name as a composer. Now, seemingly total disaster strikes. Although still a comparatively young man, Beethoven begins to go deaf. His deafness is a long drawn-out affair, with loud hissings in the ears which must have introduced distortions in the aural memories of earlier years. Long before the 9th symphony was written, Beethoven's hearing had become negligible, so that at its first performance he could hear neither .the orchestra nor the applause of the audience, Now listen and ponder how those sounds were conceived. Did Beethoven simply permute and combine memories for sound he had acquired in his youth? At best, not reckoning any distortion, those memories represented a stage of development illustrated by the 1st and 2nd symphonies, a universe apart from the 9th. Remember too that it is hard to find anything in the past evolution of our species where the ability of a deaf man, well beyond the prime of life, to rearrange patterns of sound from far-distant memories would have conferred a significant selective advantage.
The alternate view is that the deaf Beethoven, decisively cut off from the distractions of the world of men, was able to perceive in musical form an essential component of the cosmic situation, that he was able to perceive the true cosmic origin of man. This view would be my choice, but each of us must listen and decide. Perhaps the decision turns on whether we ourselves hear the thunder of Zeus on Mount Olympus.
